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(57) Abstract 

To a pipeline (10) in which a fluid flows, is coupled a downstream fluid sampling apparatus (16) having a piobe (14) shaped 
and designed for fluid sampling and an upstream fluid mixing apparatus (36) adapted to direct fluid partial streams towafds a common, 
downstream centre (C). in the lateral plane thereof said probe (14) is displaceable from one peripheral point (12) on the inner pipeline cross 
section, through said centre (C) to the diametrally opposite, peripheral point (D). The major part of the fluid flow in said lateral plane and 
the area around the same will pass in the central area widi the greatest fluid concentration in the centre (C). By displacing the probe (14) 
wid) varying speed such that the speed is highest when passing the centre (C) and substantially lower in the peripheral portions, where 
smaller parts of the area of fluid flow occur, favourable fluid sampling conditions are offered for isokinetic sampling. 
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A METHOD AND A DEVICE FOR THE DISPLACEMENT 
OF THE PROBE OF A FLUID SAMPLING APPARATUS 

This invention relates to a method for the displacement of a 
probe incorporated in a two- or multiphase fluid sampling 
apparatus adapted to take samples of a fluid flowing in a 
pipe, a pipeline, a hose, a channel or a similar through** 
going passage, laterally of the inner pipe cross --section, and 
wherein the fluid flow by means of a two- or multiphase fluid 
mixing apparatus mounted upstream in respect of the fluid 
sampling apparatus and adapted to guide fluid streams 
radially inwardly along imaginary non«-axial paths of motion 
meeting each other in a common centre situated substantially 
in that lateral plane of the pipe wherein said probe is 
displacable from a through-^going passage in the pipe, at the 
inner circumference thereof, through said centre, to a 
dieunetrally opposite point at said inner circumference of the 
pipe. Likewise, the invention relates to a device associated 
with a fluid sampling apparatus and constructively shaped and 
designed for the same purpose. 

With such a guidance of the fluid flow to be mixed, in 
towards a centre, the socalled "focal point'* which, out of 
symmetry considerations, usually will be situated exactly or 
approximately on the longitudinal axis of the pipe, the 
general fluid flow will concentrate itself in said centre 
where a great part of the fluid flow will be situated when it 
passes the probe of the fluid sampling apparatus. Said probe 
may have two orifices, one which is open in the direction of 
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the fluid flow, and one which is open in a direction forming 
180* with the fluid "s flowing direction in the pipe, so that 
it simultaneously can be taken two fluid samples, one fluid 
sample in the flowing direction of the fluid and another 
fluid sample in counterflow. Such S2unpling favours the 
accuracy degree of the subsequently achieved measure/ analysis 
results. 

In accordance with prior art technique, the probe of the 
fluid sampling apparatus is displaced with a constant speed 
across the inner pipe cross-section, the flowing cross- 
section of the fluid, resulting in that both the orifices for 
the counterflow sample and the orifices for the other sample 
taken in the fluid's flowing direction receive a signifi- 
cantly larger amount of fluid from the central area of the 
flow cross-section than from the peripheral portions thereof. 
Such sampling results in non-representative, depreciating the 
degree of accuracy. 

From published Norwegian patent application No. 942445, it is 
known to use a fluid sampling apparatus shaped, designed and 
adapted to take fluid samples isokinetically from a mass flow 
containing a two- or multiphase fluid flowing in a pipeline 
assigned callbratable electronic mass flow/ fraction meters. 
The task of these meters is to determine the production 
amount/share, e.g. calculated as a percentage per time unit, 
of the separate fractions (oil, gas, water/ condensate, 
formation sand, etc.), or to deliver a signal for such 
determination to a computer. The sampling apparatus is 
connected to the pipeline at a hole through the pipe wall, 
said through-going hole being intended to allow insertion/- 
withdrawal of a probe having at least one orifice and being 
carried by the sampling apparatus. The probe can be inserted 
into the fluid flow within the pipeline and thereafter 
displaced across substantially the whole internal diameter 
thereof. After concluded sampling, the probe with its orifice 
will be pulled out from the pipeline, the insertion/- 
withdrawal hole thereof, then, being closed by a shut-off 
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valve. Fluid samples taken Isokinetlcally by means o£ the 
sampling apparatus are analyzed in order to determine i.a* 
the values of corresponding fractions. Said measuring values 
can be used as reference values as a basis for a possibly 
necessary calibration of the electronic fraction meters. In 
case the flowing speed of the fluid is unevenly distributed 
across said pipeline's flow cross-section, a higher flowing 
speed occurring along the centrally extending longitudinal 
axis of the pipeline, a lower flowing speed existing 
peripherally at the inner wall face of the pipeline, 
this known sampling apparatus neither exhibits the desired 
degree of accuracy. 

Therefore, the object of the present invention has been to 
indicate a method and provide a fluid sampling apparatus 
where isokinetic fluid sampling is provided also when the 
flowing speed of the fluid is unevenly distributed across a 
flow cross-section defined by a pipe wall or similar 
pipe-/ container-shaped hollow body in which a fluid flows, 
and where the flowing speed of the fluid is highest in the 
centre and within the central portions of said fluid flow 
cross-section, the establishment and maintenance of 
isokinetic sampling in connection with said unevenly 
distributed flowing speed conditions across the flow 
cross-section resulting in representative measurement/ 
analysis of fluid samples across the whole inner pipe 
cross-section . 

According to the invention, this object is realized by 
proceeding in accordance with the steps as defined in the 
characterizing clause of claim 1. The device according to the 
invention distinguishes itself through constructive features 
appearing from the characterizing clause of claim 4. 

In accordance with the method in conformity with the 
invention, the probe of the fluid sampling apparatus is 
displaced with varying speed across the fluid's flow 
cross-section in the pipe, etc. , in such a manner that the 
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displacenent speed of the probe is higher in the central 
zone of the pipe than within the peripheral zone thereof. 

The displacement speed of the probe from one peripheral point 
at the Inner cross^sectlon of the pipe, e.g. at the 
through-going passage hole for the probe, may have a constant 
acceleration to said centre (^focal point**) and a constant 
retardation from said centre to a point at the Inner pipe 
periphery positioned dlametrally opposite said through-going 
passage and which, of course, concludes the movement path of 
the probe tip. However, a non-constant acceleration/ 
retardation Is preferred, where the speed Increase per time 
unit ahead towards the centre grows with degreaslng distance 
to the centre, and where the speed reduction per time unit 
from the centre towards said dlametrally opposite outer point 
at the Inner pipe periphery decelerates most In the 
neighbourhood of the centre, whereafter the retardation 
acquires a more slowly degreaslng course down towards a speed 
value equal to 0 at said dlametrally opposite outer point on 
the Inner pipe periphery. Thus, the probe will stay only a 
very short time In the central zone, where the fluid's speed 
of flow is the greatest, and a substantially longer time in 
the peripheral, annular zone of the flow cross-section where 
the fluid's speed of flow is very much lower. 

In conformity with the invention, very representative fluid 
samples are achieved, resulting in reliable and very accurate 
measuring/ analysis results when the isokinetically taken 
fluid samples are subjected to measurements and analyses. 

The fluid sampling apparatus according to the invention may 
e.g. be of the kind sho%m and described in Norwegian patent 
specification Mo. 173,468. Also, it is possible to use a 
sampling apparatus for two- or multiphase fluids representing 
a variant or a modification of one of these previously 
patented apparatus. The fluid sampling apparatus according to 
the invention must in any case have an elongate, longitudi- 
nally dlsplaceable probe having at least one outer opening 
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or orifice, said probe in the sampling apparatus must be 
connected to a piston rod end of a pressure fluid operated 
piston cylinder or another actuator adapted to effect a 
lineary displacement movement of an elongate probe in the 
longitudinal direction thereof. According to the invention, 
said actuator, e.g. in the form of a piston cylinder, is 
adapted to allot the probe a varying displacement 
acceleration/retardation along the substantially diametral 
path of movement across the cross-section of the pipe where 
the displacement speed is maximum i the centre of the pipers 
cross-^section and minimum at two outer peripheral points on 
the pipe's cross-section, positioned diametrally in relation 
to each other. A presupposition for the functioning of the 
fluid sampling apparatus of the invention is that it is 
assigned an upstream mixing apparatus of the kind which e.g. 
by means of inclined, through-going channels, extending in 
the general direction of fluid flow, guiding the through- 
flowing fluid towards said common centre ("focal point**) 
where the fluid concentration/ speed, thus, becomes sub- 
stantially larger than at the inner pipe cross-section's 
peripheral zones, and where the probe of the fluid sampling 
apparatus is assigned a through-going hole in the wall of the 
pipe, etc., in which the fluid flows. 

The method and the device according to the invention is 
further eaqplained in the following, reference being made to 
an examplary embodiment of a fluid sampling apparatus 
assigned an upstream mixing apparatus and imagined shaped and 
designed in conformity with the invention, and in connection 
with these apparatus the method of the invention can be 
carried out. 

Reference is made to accompanying drawings, in which: 

Figure l shows an axial section through a flange pipe 

length in which is assumed to flow a two-phase or 
multiphase fluid in the direction indicated by the 
arrow FS, said pipe being provided with a 
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through-going passage for a probe Incorporated in a 
fluid sampling apparatus, inserted through the hole 
in the pipe wall, into the inner 
pipe cross-section so that the probe tip is 
positioned approximately at the centre of the pipe, 
i.e. in a centre common for said directed fluid 
partial streams exiting from an upstream mixing 
apparatus having non-parallel, through-going 
channels converging in the fluid's direction of 
flowing FS, and through which said fluid partial 
flows are brought to pass, in order to be aligned 
with said common centre C on the longitudinal axis S 
of the pipe; 

Figure 2 shows, on a larger scale, a lateral section II in 
figure 1, substantially showing the probe of the 
fluid sampling apparatus in figure 1 only; 

Figure 3 is a graphic representation illustrating examples of 
the probe's courses of speed, in the form of 
speed/position plots, where the distance thereof 
from the centre of the pipe is marked along the 
abscissa, the speed (mm/ second) being marked 
along the ordinate. 

The drawing shows a flange pipe length 10 interconnectable 
with a pipeline in which a two- or multiphase fluid flows in 
the direction of the arrow FS. 

To the pipe 10, various ecjuipmente may be connected, such as 
measuring instruments. 

In order to sample isokinetically the fluid flowing in the 
pipe 10, a through-going hole 12 has been formed in the wall 
of the pipe 10, said hole 12 forming a passage for an elon- 
gated, rectilinear probe 14 incorporated in a fluid sampling 
apparatus 16, e.g. of the shape, design and structure as 
disclosed in Norwegian patent specification No. 173,468. 
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The pipe 10 serves to carry a two- or multiphase fluid which 
flows as a mass flow through the pipe 10 through the inherent 
speed, pressure and temperature thereof. A multiphase fluid 
may consist of oil, natural gas, condensate, water and/ or 
formation sand. 

At the end carrying the probe 14, the fluid sampling 
apparatus 16 is adapted to be connected to the pipe 10 at its 
hole for the passage for the probe 14, where is disposed a 
connecting piece carrying a shut-off valve 18 with a 
operating handle 20. Upon closed valve 18, the hole 12 is 
closed, while open valve 18, figure 1, allows passage of the 
linearly displacable probe 14* The probe 14 has a linear 
displacement extent of such a length that it, from an 
inoperative position of readiness in which the probe tip is 
withdrawn into the adjacent hollow end portion of the 
sampling apparatus, to the probe tip's outermost, operative, 
furthest extended position, in which it reaches ahead to a 
point on the inner pipe periphery positioned diametrally 
opposite the passage 12 in the pipe wall. 

In order to take two fluid samples with the probe 14 
simultaneously, it may, as previously known per se, be 
equipped with two orifices having a circumferential spacing 
of^ 180®, and where one orifice with its opening is directed 
in the fluid's flowing direction PS in the pipe 10, so that 
the other is directed against the flowing direction FS. In 
thispreviously known way, samles are obtained with counter* 
currently and in the opposite direction, said samples being 
more representative for the composition and properties of the 
fluid flowing in the pipe 10 than one single fluid sample, 
e.g. a fluid sample taken in the flowing direction within the 
pipe 10. This kind of sampling represents, however, well 
known technique at this special field* 

The probe 14 is connected to an actuator adapted to allot the 
elongate, lineary probe 14 displacement movements to and fro 
in the direction of the longitudinal axis of the probe 14. 



wo 98/12532 PCT/NO97/00249 

8 

Such an actuator may, as known per se, comprise a double- 
acting piston cylinder the piston rod's 22 end thereof being 
coupled to the axially innermost end of the probe 14 • Further, 
as previously known, the piston rod 22 may consist of two 
concentric pipes* The sample taken in the fluid's flowing 
direction may be received and conveyed further in e.g. the 
radially inneziaost pipe of said concentric pipes, while the 
countercurrent-sample is received and conveyed further in the 
annulus between the outside of the radially innermost pipe 
and the inside of the radially outermost pipe. When the 
probe's end portion is assigned one orifice only, it is 
sufficient that the piston rod is hollow. 

In the embodiment according to figure 1, the piston rod 22 
carries a piston 24 which is displacable in a cylinder 26 
constituting the outer housing of the sampling apparatus, the 
piston 24 being acted upon with pressure fluid alternately on 
one end face and the other through hydraulic hoses 28, 30. 
Hose connectors 32, 34 serve to connect transport hoses (not 
shown) for separate further conveyance of countercurrent 
fluid samples and fluid samples taken with an orifice 
directed in the flowing direction of the fluid. 

The fluid sampling apparatus 16 is assigned an upstream 
mixing apparatus 36 formed with through-going channels 38, 
the central lines thereof NL^ and ML2 converging downstreamly 
towards a common centre C on the pipe axis S, the socalled 
"focal point", where the degree of intermixing and the fluid 
concentration have optimal values. In order to achieve a 
representative fluid sample t«Ucen across the pipe's inner 
cross-section, an amount of fluid per time unit taken from 
the flow cross-section's peripheral zones must be of the same 
size as one sampled from the central zone at C. Such a 
sampling is impossible by means of known fluid sampling 
apparatus where the probe 14 is displaced at the same speed 
of displacement from the insertion/withdrawal hole 12 in the 
pipe wall to a diametrally opposite point D positioned at the 
pipe's internal circumference on the inner pipe wall face. 
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The housing of the nixing apparatus 36 is constituted by an 
annular valve housing 40 f luid-tightly coupled into the pipe 
10, so that it surrounds the same 360<>. The valve housing 40 
contains a linearly displacable valve body 42 having a 
lateral bore 44 with the sane diameter and shape as the bore 
of the pipe 10. Reference numeral 46 denotes the real mixing 
body formed with the previously nentioned sloping channels 
38. 

In figures 1 and 2, the tip of the probe 14 is positioned 
approxinately in said centre C and, thus, has travelled about 
half its displacement extent between the passage 12 and the 
point D positioned diametrally opposite at the inner 
circunference of the pipe's cross-section. 

As the fluid concentration and speed, as previously nentioned 
are substantially larger in the central zone of the pipe 10 
around the axis S than in the peripheral areas of the pipers 
cross-section, the probe 14 is displaced with a variable 
speed across the fluid's flow cross-section in such a way 
that the probe's 14 displacement speed is larger in the 
central zone of the pipe 10 than in the peripheral zone 
thereof, so that favourable conditions are offered for 
isokinetic fluid sampling. The increase in speed from the 
inner opening of the passage 12 to the common centre C for 
the axes MLx and HL2 of the mixing body's 46 sloping channels 
respectively the decrease in speed from the centre C to the 
point D may be even or uneven. The acceleration/ retardation 
will be dependent on how large a part of the total liquid 
flow that passes centrally in relation to the partial streams 
passing closer to the inner face of the pipe 10. However, 
there will exist cases where a acceleration/ 
retardation will be preferred where the speed increase per 
time unit from the inner mouth of the probe passage hole at 
the pipe's inner wall face ahead towards the centre C grows 
with an additional value beyond an even acceleration with a 
decreasing distance from the centre, so that a curve in which 
the displacement speed is a function of the probe tip's 
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distance from the centre will have a significantly larger 
rise in the neighbourhood of the centre than at a larger 
distance therefrom, such a curve concerning retardation is 
symmetrical about said centre « The displacement speed of the 
probe tip upon its passage of said centre, may e«g« 
constitute 45 mm/ second. 

In the sampling apparatus 16, such a varying probe 
displacement speed may be effected by adapting the actuator 
22,24,26 for uneven feeding of the probe 14. The speed of the 
probe 14 may be adjusted and controlled by means of a 
computer* 
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Claims 

1. A method for displacing a probe (14) incorporated in a 
fluid sampling apparatus (16) which, through said probe (14), 
is adapted to take samples of a fluid flowing in a pipe (10), 
a pipeline, a hose, a channel or another defined passage, 
upon said probe's (14) displacement across the inner pipe 
cross -sect ion, and wherein partial flows of the fluid by 
means of a mixing apparatus (36) , which is mounted upstream 
of the fluid sampling apparatus (16), are directed along 
fluid flow paths (MLx# ML2) converging in the flowing 
direction (FS) and crossing each other in a common centre (C) 
lying on or adjacent the longitudinal axis (S) of the pipe 
(10), and wherein a through-going hole (12) forming a passage 
for the probe (14) has been formed in the pipe wall, and 
wherein the tip of the probe (14) is displacable from the 
radially inner mouth of said through-going hole (12) to a 
diametrally opposite positioned point (D) at the pipe's inner 
wall face, characterized in that the probe 
(14) , in order to offer favourable conditions for isokinetic 
fluid sampling, is displaced with varying speed across the 
inner cross-section of the pipe (10), in such a way that the 
displacement speed of the probe (14) is larger in the central 
zone (S) of the pipe (10) at said centre (C) than in the 
peripheral zone thereof. 

2. A method as set forth in claim 1, characte- 
rized in that the probe (14) is displaced such that 
its increase in displacement speed per time unit is constant 
from a peripheral point (12) to said centre (C) , and that the 
probe's decrease in displacement speed per time unit is 
constant from said centre (C) to a diametrally opposite poiiit 
(D). 

3. A method as set forth in claim 1, characte- 
rized in that the probe's (14) acceleration/- 
retardation is non-constant, the increase in speed per time 
unit from one peripheral point (12) to the centre (C) 
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rises with a varying additional value beyond the increase in 
speed per time unit at constant acceleration, said additional 
value rises with decreasing distance to the centre (C) , 
retardation from the centre (C) to said diametral ly opposite 
peripheral point (D) exhibiting the inverse course. 

4. A device in a fluid sampling apparatus (16) adapted to 
take samples of a fluid flowing in a pipe (10) or another 
passage by means of a probe (14) incorporated in the sampling 
apparatus (16), said probe (14) taking fluid samples while it 
is displaced across the inner pipe cross-section from a 
peripheral point (12) to a diametrally opposite, peripheral 
point (D) , and where a fluid mixing apparatus (36) has been 
disposed within the pipe (10) , upstream in relation to the 
sampling apparatus (16), said mixing apparatus (36) directing 
partial streams of the fluid along downstreamly converging 
flowing paths (HL^, ML2) crossing each other in a common 
centre (C) on or adjacent the longitudinal axis (S) of the 
pipe (10) and positioned in or adjacent a lateral plane in 
which the probe (14) is displaced, so that the major part of 
the fluid flow will be concentrated in the central area in 
the lateral plane in which the probe (14) is displaced, and 
wherein the probe (14) is coupled to an actuator (22,24,26) 
adapted to allot to the same linear displacement movements to 
and fro, said actuator consisting e.g. of a double-acting 
hydraulic piston cylinder, characterized in 
that the actuator (22,24,26) is assigned a controller 
controlling the actuator such that it allots to the probe 
(14) a varying displacementr speed, in such a manner that the 
probe (14) from one peripheral point (12) to said centre (C) 
is accelerated to a maximum value and, from the centre (C) to 
a diametrally opposite positioned, peripheral point (D) is 
retarded inversely, so that the displacement speed sinks 
towards zero at each of said two peripheral points (12, D) • 
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